Gliadin and glutenin were treated with various concentrations of 2-mercaptoethanol (ME) at pH 6.0 and their effects on protein disulfides were investigated . The treatment caused polymerization of gliadin, demonstrating the involvement of its disulfides in SH-SS exchange reaction.
Among gluten proteins, gliadins consist of single polypeptide proteins with intrachain disulfides only,1,2) while glutenins have inter chain disulfides in addition to intrachain ones to form high molecular weight polymers of polypeptides.3,4) Ewart5) reported that about 40% of the total glutenin disulfides reacted with sulfite under conditions of a disulfide deter mination. On the other hand, Stevens6) observed that the reactivity of gliadin disulfides increased with increasing concentration of urea and that it vanished in the absence of urea. Also, Kanazawa and Yonezawa7) found that, while monomer polypeptides of reduced and reoxidized glutenin were easily polymerized in the presence of a small amount of cystein, native gliadin did not show any polymeriza tion under the same conditions. The observa tions mentioned above suggest that disulfides of gliadin are stable in contrast to the reactive disulfides of glutenin. Ewarto5) pointed out that the reactive disulfides of glutenin seemed to be interchain disulfides. We were interested in the difference of the reactivity of disulfides between gliadin and glutenin. To confirm whether gliadin disul fides are really stable, and whether glutenin has a group of disulfides much more reactive than the other, we investigated the behavior of gliadin and glutenin disulfides in the treatment with various concentrations of 2-mercaptoethanol (ME) at pH 6.0 without denaturing reagents such as urea. The results showed that, while disulfides of gliadin were involved in the SH-SS exchange reaction, they were less reactive than a group of glutenin disulfides which reacted very rapidly.
MATERIALS AND METHODS
Preparation of gliadin and glutenin. Gluten was separated according to the method described by Jones et al. 8 ) from an unbleached commercial wheat flour (called "Milling") provided by Nisshin Flour Milling Company, and fractionated into gliadin and glutenin by the solubility in 70% alcohol as described by Woychik et al.1) The gliadin was purified by the gel filtration on a Sephadex G-100 column to remove low molecular weight glutenin.9,10)
Treatments of gliadin and glutenin with 2-mercapto ethanol.
Gliadin was dissolved in 0.1 M acetic acid to make 0.5% solution. ME (distilled and kept in sealed glass tube under nitrogen atmosphere) was added to the solution in different concentrations. After bubling with nitrogen, pH of the solution was adjusted to 6.0 with 1 N NaOH.
The turbid suspension containing aggregated protein was stood for reaction in a closed vessel. The reaction was stopped by adding acryloni trile or acidification with acetic acid. Glutenin was treated in the same way except that the protein con centration was 1%. SDS polyacryl amide gel electrophoresis. The electrophoresis was made as described in the previous paper12) without cleaving disulfide bonds of protein.
RESULTS
Gel filtration of gliadin after treatment with 2-mercaptoethanol Gliadin was treated at pH 6.0 for 24 hr in the presence of ME from 0,075mM to 150mM. After the reaction the protein was analyzed by gel filtration on Sephadex G-150 column. Elution patterns obtained are shown in Fig. 1 . While no significant change was observed at the ME concentrations below 0.75 mM, a peak appeared at the void volume of the column at 7.5 mM and the higher concentra tions, indicating polymerization of gliadin polypeptides by SH-SS exchange reaction induced by ME. The amount of the first fraction at void volume (FI) increased with increasing concentration of ME up to 75 mm and then decreased at 150 mM. At a ME concentration of 7.5 mM, the second fraction in gel filtration (FII) was eluted at Liberation of protein-SH by treatment of gliadin and glutenin with 2-mercaptoethanol The liberation of protein-SH during the treatment of gliadin with ME is shown in Fig. 4 , where the amount of liberated SH is given as a percentage of the total SH of gliadin after the reduction of its whole disulfides. As seen in the figure, the reaction was retarded after the initial increase of protein-SH in spite of re maining of excess ME. For example, 7.5 mM ME corresponded, in the molar ratio, to 20 times as much as whole protein-SS, but libera tion of protein-SH was no more than 10% even after 12 hr reaction. The SH-liberation with glutenin is shown in Fig. 5 . The results are similar to those of gliadin except that glutenin liberate much more SH than gliadin at the initial stage of reaction.
In Fig. 6 , the liberations of SH at 0.5 and 12 hr were plotted against the ME concentra tion, respectively. In 0.5 hr reaction, glutenin showed a plateau in the range of low ME con cystein, whereas polymerization proceeded rapidly under the same condition with mono mer subunits of glutenin which were prepared by reduction and reoxidation of glutenin. However, this does not mean the complete masking of gliadin disulfides, but is due to the insufficiency in the concentration of reducing agent. In the present study, an ME concentra tion of 0.75 mM, which corresponded to the existence of ME 2 times as much as disul fides of gliadin in molar ratio, did not cause polymerization for 24 hr, while the higher concentrations did. The reaction of gliadin disulfides depended strongly on the concentration of ME, as was shown in the SH liberation in Fig. 4 (and also in Fig. 5 with glutenin) . This is mainly due to a slowing-down of the reaction after initial few hours, which may be caused by the aggre gation of protein at the reaction pH. Inside the aggregated protein particle, movements of ME and, accordingly, chances of their effective approach to protein disulfides may be limitted. Therefore, the retardation occurs as the aggre gation proceeds and, consequently, the amount of SH liberated depends mainly on the initial reaction, the velocity of which is determined by the initial concentration of ME. Another possible reason for the concentration depen dence is a structural disturbance of protein by disulfide bonds cleavage. The higher the concentration of ME, the more is the cleavage, which makes remaining disulfides more re active by loosening protein structure.
As glutenin consists of polymers of poly peptides, it contains interpolypeptide chain disulfide bonds in addition to intrachain ones. It is known that interchain disulfides are, in general, more reactive than intrachain ones. Ewart5) tried to determine the reactive disulfide of glutenin by amperometric titration after reducing with sulfite. However, the deter mination was not so easy as in the case of soluble proteins, because the formation of precipitates would inhibit the uniform titration. As for the reduction of disulfides, a low con centration of reducing agent could cause an incomplete reduction of reactive disulfides inside the aggregated protein particle, while a high concentration or a long reaction time would induce a reaction of slowly reacting disulfides. Therefore, careful examination must be made for an exact determination.
It is an important finding in the present paper that a plot of the amount of liberated SH in glutenin at 30 min reacttion against ME con centration (Fig. 6) showed a plateau in a region of low concentrations of ME. This means that a group of disulfides of glutenin reacted rapidly and quantitatively before the other disulfides scarcely reacted. We can expect a possibility with this finding to cleave the interchain disulfide bonds of glutenin without impairing the intrachain ones by selecting an appropriate concentration of ME and a reac tion time. This kind of work is proceeding now in our group.
Most of gliadin disulfides were slowly react ing disulfides. However, a small amount of rapidly reacting disulfides (less than 10%) were detected in gliadin. Stevens6) reported a similar amount of gliadin disulfides, which reacted in the absence of urea. He considered that the reactive disulfides may be from low molecular weight glutenin contained in the gliadin preparation.
However, the gliadin preparation used in the present study was prepared by removing it by gel filtration. It might be interesting to reveal the source of the rapidly reacting disulfides of gliadin which does not have interchain disulfides bonds.
